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PHO PHOLIPIDS IN CULTURED GUINEA PIG SKIN* 
V. J. W. LONG, PH.D. An H. J. YARDLEY, PH.D. 
ABSTRACT 
The content and pattern of phospholipids in fresh and cultured guinea pig skin 
was studied. Following culture, it was shown that the phospholipid concentration de-
creased, particularly when glucose was omitted from the culture medium. The phos-
pholipid pattern shmved no change in the choline-containing pho pholipids, but there 
appeared to be a mall decrease in phosphatidylethanolamine and a concomitant in-
crease in the fraction containing pho"phatidylcholine, phosphatidylinositol and phos-
phatidylserine in cultured skin . 
It has been previously shown (1) that the 
incorporation of labeled orthophosphate into 
phosphorycholine in skin slices is markedly 
increased when substrate i omitted from the 
ulture medium. In contra t, the incorporation 
of orthophosphate into phosphorylethanolamine 
i unchanged and all other phosphate ester 
how a decreased uptake. Incomplete operation 
of the ynthetic part of the phosphatidylcholine 
cycle wn s offered as an explanation of these 
rc\ ulL. 1 he decreased incorporation of label 
in to thr phospholipid fraction of skin supported 
thi hypoth is and indicated that fatty acids 
d rivrd from choline containino- phospholipids 
coull provid the endogenous substrate of skin. 
1 hi . hypotb sis would require there to be a 
eh:wge iu the pattern of pho phohpids present 
in skin follmvino- culture in the ab ence of added 
sub. t rate (starved skin) and in the present 
tnd~· 1 hi hn been investigated. 
MATERIALS AND METHOD 
Ext,raclion of lipids from skin. Adult guinea 
pi r were killed by cervical fracture and the skin 
n 'mov d immediately. The skins were stretched 
over a dampened sponge and shayed with electric 
rlipper . lices of skin (0.2 mm) were taken 
from the back using n Castroviejo keratotome (John Weiss and on, Wi ,·more treet, London, 
vV .1.). kin slices w ighin{T about 80 mg were 
flonLed (dermis sid down) on 3.2 ml of Kreb 
Ringer phosphate (2) ·with or without 0.02 M glu-
o and incubated at 37° for 6 hours with gentle 
r eking. In ubations were performed under sterile 
conditions in screw capp d bottles. The medium 
wa discard d , the slice of kin were washed three 
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times with 0.9 % NaCl, dried with filter paper and 
ground with chloroform-methanol (2: 1, v jv ) in a 
glass tissue grinder. Grinding and extraction was 
repeated twice and the extract of lipids taken to 
dr~·ness under nitrogen. The residue was redis-
solYed in chloroform-methanol (2:1 , vjv) and 
taken to dryness again under nitrogen. This pro-
cedure was repeated once more to ensure the de-
struction of proteo-lipids. The residue was redis-
sol\·cd in chloroform-methanol (2: 1, v /v ) and the 
extract of lipids \vashed by the method of Folch 
el rd. (3). The washed extracts were dried over 
sodium sui ph ate. 
Detenninalion of phospholipid phosphorus. The 
sample containinu less than 4 f.Lg of phosphorus 
" ·a hoilcd "·ith 72 % perchloric acid (0 .9 ml) for 
30 minu tcf: and analysed by a modification of the 
method of Ernester et al. (4). The sensitivity of 
j hC' method wa. increased us de cribed below. 
R eagen ts. 
EtOH-H2S04 
Cone. H2S04 (32 ml) dissolved in ethanol (968 
rnl). 
Stannou Chloride Stock Solution 
~ nCl2 2H~O (10 g) dissolYed in cone. HCl (25 
ml) and stored aL oo. 
Sta11nous Chloride Reagent 
tock olution diluted 200 tim s with 1 N H2S04. 
The reagent was freshly prepared before each 
determinu tion. 
10% Aqueous Ammonium Molybdate 
Jrl eihod. The digest was made up to a volume 
of 3.5 ml with distilled water and ammonium 
molybdate solution (0.5 ml) added. The phos-
phomolybdate complex was extracted by shaking 
for at lea t 20 seconds with 1.5 ml of isobutanol-
benzene (1: 1, v j v) instead of the 5 ml used in 
the standard assay procedure. After centrifuging, 
an aliquot ( 1.0 ml) of the organic phase was re-
moved, EtOH-ffiS04 (1.0 ml) added, followed by 
tannous chlorid reagent (0.2 ml). After standing 
for 20 minutes. the optical densities were meas-
ured at 730 nm in cell with a path length of 1 
em or 4 em on a nicam P500. 
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Fractionation of Phospholipids 
(a) Total phospholipids. Aliquots of total lipid 
extracts containing approximately 3 1-'g of phos-
phorus were applied to a thin layer (0 .25 mm) 
plate (20 X 20 em) of silica gel G (Merck AG., 
Darmstadt, Germany) which had been activated 
at 110° for 30 minutes. Phosphatidyl serine, phos-
phatidyl inositol and phosphatidylethanolamine, 
were used as reference compounds.t The plate 
was developed with CHCis:MeOH:H20 (65:25:4, 
v j v jv ), dried and exposed to iodine vapour. Areas 
of silica gel containing the spots were scraped 
into digestion tubes and together with silica gel 
blanks analysed for phosphorus. 
(b) Phospholipids contoining choline. The lipid 
extracts were evaporated to dryness under nitro-
gen. dissolved in chloroform (0.3 ml) and the 
olutions passed through columns (12 X 0.2 em) 
of alumina (0.25 g) activated at 110o for 1 hour. 
Neutral lipids were eluted with chloroform (1.0 
ml) and choline phospholipids with chloroform 
methanol ( 1: 1, v j v; 1.5 ml). Aliquots of choline 
phospholipids containing apprmrimately 3 1-'g of 
lipid phosphorus were applied to thin layer plates 
(20 X 20 em) of silica gel G (0.25 mm) which 
had been activated at 110° for 30 minutes. The 
plate \\'as developed with CHCb: MeOH: H20 
(65: 25:4. v jv j v) twice to the top of the plate 
and the spots analysed for phosphorus as de-
scribed above. 
RESULTS 
I. Phospholipid Content of Skin 
The total phospholipid content of fresh skin 
and skin· incubated in the presence or absence 
of glucose for 6 hours was measured. I t can be 
een from T able I that incubated skin contains 
less phospholipid than fresh skin , particularly 
\Yhen glucose is omitted from the medium. Anal-
~·si of variance of the results showed that the 
decrease i significant (P < 0.001 ). It can be 
een from T able II that choline containing 
phospholipids behave in a similar way to total 
phospholipids. Again, the difference is signifi-
cant (P ~ 0.001). 
From T ables I and II it ca n be calculated thnt 
choline containing phospholipids account for 41 
to -1 per cent of the phospholipids present in 
both fresh and cultured skin: thus, there is no 
evidence that choline-containing phospholipids 
are preferent ially utilised by skin deprived of 
added substrate. 
t Kindly supplied by Dr. J. N. Hawthorne, 
Dept. of Biochemistry, University of Birmingham. 
Choline phospholipids, isolated from rat liver, 
were supplied by Dr. S. Spanner, Dept. of Ex-
perimental Neuropharmacology, niversity of 
Birmingham. 
TABLE I 
Total phospholipid content of skin 
p.g P / mg wet wt. 
Animal 
Cultured Cultured 
Fresh with without 
gluco e glucose 
1 0.36 0.325 0.26 
0.376 0.33 0.266 
2 0.33 0. 201 0. 201 
0.296 0. 273 0.1 5 
3 0.243 0.299 0.235 
0.320 0. 271 0.225 
4 0.344 0. 236 0. 217 
0.282 0.255 0.231 
Mean 0.321 0.275 0.22 
TABLE II 
Choline phospholipid content of sk in 
p.g P / mg wet wt. 
Animal 
ultured Cultured 
Fresh with without 
glucose glucose 
1 0.1 0 0. 146 0. 116 
0. 174 0. 168 0. 104 
2 0.139 0.092 0.091 
0.120 0. 119 0.0 1 
Mean 0. 153 0.131 0.098 
II . Phospholipid Pattern in kin 
(a) Identity of fractions . The choline con-
tn.ining pho~pholipids of skin were eparated 
into four fractions on silica gel G plates. The 
fast moving spot, fraction 1, was judged to be 
pbospbatidylcholine (lecithin) becau c its Rf 
value was similar to that of an authentic refer-
ence compound run alongside. Spots 2 and 3 
were judged to be sphingomyelin on the basis 
of their Rf values : the two pecies of th is com-
pound probably differ in their fatty acid com-
position (5). Fraction 4 has not been positively 
identified, nor has an even slower moving pot , 
fraction 5, seen in one sample of fresh skin. 
Fraction 5 may be lysophosphatidyl choline (ly-
solecithin), though an authentic sample of this 
compound obtained from rat liver had a slightly 
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TABLE III 
Choline phospholipid content of skin expressed as a 
percentage of total phospholipid content* 
Cul- Cul-
Fraction Fresh tured tured with without 
glucose glucose 
1. Phosphatidyl chol in e 30.5 34.4 30.6 
2} 5.5 4.5 4.5 
'phi ngomyeli n 
3. 5.0 4.5 5.2 
4. Lysophosphatidyl choline 3.2 2.6 2.4 
Total 44.2 46.0 42.7 
*Values in the table are the mean of two ex-
p riment . 
TABLE IV 
Phospholipid patterns in skin 
Th results a re expressed as a percent-age of 
total pho phoJipids.* 
Cul- Cui-
Fraction Fresh tured tured 
with without 
glucose glucose 
1. Pho ·phatidic a ·id ? 3.0 4.7 3.6 
1.5 2.9 2.2 
2. Pho phutidylcthanol - 26.2 22.5 23.0 
ami11e 23. 17.0 14.6 
{ Phosphatidylinosi to! 41.0 45.1 46.1 
3. Pho ·phalidylcholinc 42.8 40.3 50.2 
Phosphatidylscrine 
4. Sphingomyelin 1 '. 3 1 16.5 
20.4 21.5 21.0 
5. Lysopho. phatidylrholine? 11.5 10.7 
11.5 9.3 12 .0 
* Th results of two experiment. are given in 
the tabl . 
smaller Rf value. In Table III fraction 5 has 
b en included with fraction 4. 
Total lipid extracts of kin applied to silica 
get and developed with CHCls: MeOH: H20 
(65:25:4, v/v/v) gave between and 10 spots 
with neutral lipids appearing at the solvent 
front. Owing to variations in resolution, the 
spots were grouped into five well defined frac-
tions for phosphorus analysis. The fastest mov-
ing fraction, fraction 1, was probably phos-
phatidic acid on the basis of its Rf value. 
Fraction 2 had an Rf value corresponding to 
phosphatidylethanolamine. Fraction 3 contained 
phosphatidylcholine, phosphatidylserine and 
phosphatidylinositol. Fraction 4 was largely 
sphingomyelin and fraction 5 could be lysoleci-
thin, though its Rf value was slightly greater 
than authentic lysolecithin from rat liver. 
(b) Effect of treatment. No change in the 
pattern of choline phospholipids was detected 
in skin cultured in the presence or absence of 
glucose (Table III) . The overall pattern of 
phospholipids (Table IV) appears to show a 
slight decrease in the contribution of phos-
phatidylethanolamine with a concomitant 
increase in the fraction containing phosphatidyl-
choline, phosphatidylserine and phosphatidyl- .. 
inositol in cultured skin compared with that of 
fresh skin. However, the changes occur inde-
pendent of the presence or absence of added 
glucose. 
DI CUSSION 
dudies on the re piration of skin slices in 
thf' pre cnce of various inhibitors have shown 
tha t t hr endogenous substrate of skin is fatty 
[LCid (6). The accumulation of phosphorylcholine 
in skin cultured in the absence of added glucose, 
led to the U!Tgestion that this fatty" acid is de-
rived mainly from choline-containing phospho-
lipids. In this paper we have shown that the 
phospholipid concentration decreases when skin 
is cultured, the decrease being particularly large 
when substrate is omitted from the medium. 
Hmvevcr, choline-containing lipids are not pref-
erentially utilised and lysophosphatidylcholine 
does not accumulate in starved skin as it does 
in starved rat brain (7). There appears to be 
[1, small decrease in the proportion of phos-
phatidylethanolamine and a small increase in 
the fraction containing phosphatidylcholine, 
phosphatidylserine and phosphatidylinositol. A 
similar decrease of phosphatidylethanolamine 
has been observed in atopic eczema by Musta-
kallio et al. (8) who sugge ted that lipolytic 
processes occur in the atopic epidermis. Some 
other explanation for the accumulation of phos-
phorylcholine in starved skin is therefore re-
quired; pos ibly the supply of a-glycerophos-
phate derived from glycolysis determines the 
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·ate of conversion of phosphorylcholine into 
l)l10spha tidylcholine. 
Our values for the choline phospholipid con-
tent of guinea pig skin agree remarkably well 
\rith those reported by Blomstrand et al. (9) 
and Gerstein (10) for human epidermis. Their 
re ults were obtained by analysis of the products 
of mild alkaline hydrolysis of the phospholipids, 
\vhereas our results are based on a separation 
of the intact phospholipids. Complete separation 
of all the phospholipids of skin was not obtained 
and further work needs to be done to achieve 
a satisfactory separation of phospholipid classes. 
Our results on starved skin may have a bear-
ing on normal keratinization in that it ha been 
shown that prolonged starvation of skin cells 
during tissue culture induces keratinization 
(11). The concentration of glucose in the hu-
man epidermis is only 35-67% of the blood 
concentration (12), presumably varying from 
high levels in the basal layer to low len•] in 
the upper epidermis. In the absence of glucose, 
\Ye have shown that skin cells may degrade en-
dogenous phospholipid. The phospholipid con-
tent of the epidermis should therefore decrease 
from the basal layer to the stratum corneum 
and work is in progress to demonstrate this 
(13) . 
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